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ABSTRACT: 

PURPOSE: To form a capacitor having a required capacitance by 
forming a trench 

around an element forming area and increasing the depth of the 
trench by 

forming capacitors on the lower surface and side face of the element 

forming 

area. 

CONSTITUTION: A trench 2 is formed into the first silicon substrate 1 
so as to 

leave an element forming area 3 in the form of a mesa. Capacitors 



5-7 are 

formed on the surface of the area 3 and internal surface of the trench 
2 with 

the first insulating film 4 in between. Then, after the second insulating 
film 

8 or low-resistance polycrystalline silicon layer is formed on the 
capacitors 

by filling up the trench 2 and the surface is flattened, the substrate 1 is 
stuck to the second silicon substrate 10 or low-resistance silicon 
substrate 

and the first insulating film 4 is exposed from the bottom section of the 
trench 2 by grinding the first substrate 1 from the side opposite to its 
stuck 

surface. After exposing the film 4, the remaining element forming 
area 3 is 

separated for insulation. Therefore, a highly reliable capacitor having 
a 

required capacitance can be manufactured in the precisely formed 

element 

forming area. 
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* NOTICES * 

• ! • 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of of 1 -transistor / 1 -capacitor type memory cell which 
has the capacitor manufactured using the manufacture method of the semiconductor device which has the capacitor of a 
semiconductor device, and its method. 
[0002] 

[Description of the Prior Art] It is increasingly tended with high integration of a semiconductor integrated circuit to make an 
element formation field detailed. 

[0003] The following methods are used for forming the capacitor of the capacity needed for the element formation field which 
turned minutely. For example, in the case of a 1 -transistor 1 -capacitor type DRAM memory cell, as shown in drawing 5 (a), by 
making intense irregularity on the front face of a memory cell, capacitor electrode area is increased and the capacitor of a required 
capacity is formed. In addition, 21 is a p-type-silicon layer, in drawing 5 (a), 22 is the source of n type of the MOS transistor for a 
switch, similarly 23 is an n type drain, 24 is a bit line, 25 is a word line, 26 is a storage node side capacitor electrode which 
consists of polycrystal silicon, 27 is a capacitor insulator layer and 28 is a fixed potential side capacitor electrode which consists 
of a tungsten. 

[0004] Moreover, as shown in drawing 5 (b), there is also the method of forming a capacitor in the shape of a fin, and increasing 

capacity. In addition, the same sign has shown the same thing as what was shown by drawing 5 (a) in drawing 5 (b). 

[0005] Furthermore, the increase in capacity is measured by using tantalum oxide with a dielectric constant higher than 2 silicon 

oxides (Ta 205) etc. for the capacitor insulator layer 27. 

[0006] 

[Problem(s) to be Solved by the Invention] The method of making intense irregularity of the front face of an element formation 
field causes complication of processes, like a lithography process becomes difficult with an increase and irregularity of a process. 
Moreover, the method of forming a capacitor electrode in the shape of a fin causes an increase and complication of a process 
similarly. Use of capacitor insulator layers other than 2 silicon oxides, such as tantalum oxide, generates the problem which says 
that reliability falls by the increase in a leakage current etc. further again. 

[0007] The purpose of this invention is to offer the manufacture method of of 1 -transistor / 1 -capacitor type memory cell which 
has the capacitor manufactured with the method of manufacturing the semiconductor device which has a capacitor with the 
reliability of the capacity needed for the element formation field which turned minutely high [ without being in canceling these 
faults and being accompanied by complication of a process ], and its method. 
[0008] 

[Means for Solving the Problem] The manufacture method of a semiconductor device of having a capacitor among the 
above-mentioned purposes (**) — a trench (2) being formed in the 1st silicon substrate (1), and an element formation field (3) 
with the process which remains in the shape of a mesa To the front face of the element formation field (3) of the shape of this 
mesa, and the inside of the aforementioned trench (2) The process which forms the capacitor which consists of the 1st capacitor 
electrode (5), and a capacitor insulator layer (6) and the 2nd capacitor electrode (7) through the 1 st insulator layer (4), Fill the 
inside of the aforementioned trench (2) and the 2nd insulator layer (8) is formed on the aforementioned capacitor (5-6-7). The 
front face and the 2nd silicon substrate (10) by which flattening was carried out by carrying out flattening of the front face 
Lamination, Carry out the grinding of the 1st aforementioned silicon substrate (1) from the opposite side of a lamination side, and 
the 1st aforementioned insulator layer (4) of the aforementioned trench (2) bottom is exposed, the manufacture method of a 
semiconductor device of having the process which makes insulating separation of the element formation field (3) which remains, 
and (**) — a trench (2) being formed in the 1st silicon substrate (1), and an element formation field (3) with the process which 
remains in the shape of a mesa The process which forms a capacitor (5-6-7) in the front face of the element formation field (3) of 
the shape of this mesa, and the inside of the aforementioned trench (2) through the 1st insulator layer (4), Fill the inside of the 
aforementioned trench (2) and a low resistance polycrystal silicon layer (1 1) is formed on the aforementioned capacitor (5-6-7). 
The front face and low resistance silicon substrate (1 2) by which flattening was carried out by carrying out flattening of the front 
face Lamination, Carry out the grinding of the 1st aforementioned silicon substrate (1) from the opposite side of a lamination side, 
and the 1st aforementioned insulator layer (4) of the aforementioned trench (2) bottom is exposed. It is attained by the 
manufacture method of a semiconductor device of having the process which makes insulating separation of an element formation 
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field (3). Moreover, the manufacture method of 1 -transistor / 1 -capacitor type memory cell among the above-mentioned purposes 
(**) ~ the manufacture method of of 1 -transistor / 1 -capacitor type memory cell which has the process which enforces the 
manufacture method of a semiconductor device according to claim 1 , and forms a transistor in the aforementioned element 
formation field (3) by which insulating separation was carried out — and (**) ~ the manufacture method of a semiconductor 
device according to claim 2 is enforced, and it is attained by the manufacture method of of 1 -transistor / 1 -capacitor type memory 
cell which has the process which forms a transistor in the aforementioned element formation field (3) by which insulating 
separation was carried out 
[0009] 

[Function] Since the element formation field 3 is surrounded, a trench 2 is formed and a capacitor is formed in the inferior surface 
of tongue and the side of the element formation field 3, the capacitor of the capacity needed even if it can secure a required 
capacitor electrode area and uses a diacid-ized silicon film reliable as a capacitor insulator layer by making the depth of a trench 
2 deep can be formed. 

[0010] moreover, the element formation field 3 — lamination technology ~ a single-crystal-silicon substrate ~ with, since it is 
formed, the element formed in **** can have the same electrical property as the element formed on the usual silicon substrate 
[00 1 1 ] Therefore, 1 -transistor / 1 -capacitor type memory cell which has sufficient capacity can be formed by forming a transistor 
in the element formation field 3 which turned minutely, and connecting with a capacitor. 
[0012] 

[Example] Hereafter, with reference to a drawing, the manufacture method of the capacitor concerning four examples of this 
invention is explained. 

[0013] As shown in 1 st example drawing 3 , the trench 2 with a depth [ of 3 micrometers ] and a width of face of 0.3 micrometers 
is formed in the 1 st silicon substrate 1 , and the element formation field 3 is remained in the shape of a mesa. In addition, this 
drawing^a) shows a plan and-thjsdrawing (b) shows the A-A cross section of this drawing (a). 

[0014](As shown in drawing 2 (a)^)the polycrystal silicon layer of 500A ** which oxidizes thermally to the 1 st silicon substrate 1 
in whicht he trench 2 -w^jo me d fand fon ns-the4sUnsulator layer 4 of 500A ** next by which the n type impurity was doped is 
deposited using C VD, tfie lstcapacitor electrode 5 is formed^ subsequently, it oxidizes thermally and the capacitor insulator layer 
6of 100A** is formed. 

[0015] N ext, after d e positing the polycrystal silicon layer of 500A ** by which the n type impurity was doped using CVD, 
for ming the 2n d capacit or electrode 1 using CVD subsequently, filling the inside of a trench 2 and depositing a diacid-ized 
silicon film on the whole surface, flattening of the front face is ground and carried out, and the 2nd insulator layer 8 of 500A ** is 
formed. 

[00 1 6] As shown in drawing 2 (b), the 2nd silicon substrate 1 0 and 1 st silicon substrate 1 by which the 3rd insulator layer 9 of 
500A ** was formed in the front face of thermal oxidation are piled up through the 2nd insulator layer 8 and 3rd insulator layer 9, 
a pulse voltage is impressed among both, and it pastes up mutually. 

[0017] The grinding of the 1st silicon substrate 1 is carried out from the opposite side of a lamination side until the 1st insulator 
layer 4 of trench 2 pars basilaris ossis occipitalis of the 1st silicon substrate 1 is exposed and insulating separation of the element 
formation field 3 is carried out, as shown in drawing 1 (a). 

[00 1 8] As shown in drawing 1 (b), in a trench base, etching removal of the 1 st insulator layer 4 and the 1 st capacitor electrode 5 
is carried out, and the capacitor which becomes the base and the side of each element formation field 3 from the 1 st capacitor 
electrode 5, the capacitor insulator layer 6, and the 2nd capacitor electrode 7 (common electrode) is formed. 
[0019] After forming a capacitor 5-6-7 in the 1st silicon substrate 1 through the 1st insulator layer 4 like the 1st example [ 2nd ] 
example, as shown in drawing 4 , it replaces with the diacid-ized silicon insulator layer of the 1 st example, the low resistance 
polycrystal silicon layer 1 1 is embedded, flattening of the front face is carried out, and it sticks with the low resistance silicon 
substrate 1 2. If it does in this way, it connects electrically and the low resistance silicon substrate 1 2 and the 2nd capacitor 
electrode 7 can omit the electrode for being able to impress fixed potential to the 2nd capacitor electrode 7, and impressing fixed 
potential by impressing fixed potential to the low resistance silicon substrate 12, and formation of wiring. 

[0020] in addition, in order to improve a degree of integration, in forming thinly the 1 st insulator layer 4 between the 1 st capacitor 
electrode 5 and the 1st silicon substrate 1 When this 1st capacitor electrode 5 becomes high potential, possibility that the leakage 
current of the element which an inversion layer is formed in an interface with the 1 st insulator layer 4 of the 1 st silicon substrate 1 , 
and is formed in the element formation field 3 which consists of the 1st silicon substrate 1 will increase occurs. What is necessary 
is just to pour the ion of an opposite conductivity type into the surface of the 1 st silicon substrate 1 beforehand, in order to prevent 
this reversal. 

[002 1 ] As shown in the plan of 3rd example drawing 6 , the trench slot 2 with a width of face [ of 0. 3 micrometers ] and a depth 
of 2.8 micrometers is formed in the front face of the 1 st silicon substrate 1 , and the access transistor formation field (silicon 
island) 3 of a memory cell is remained in the shape of a mesa in size of 2.9x0.5 micrometers. 

[0022] As shown in the cross section of drawing 7 , it oxidizes thermally and the 1 st insulator layer 4 of 500A ** is formed, 
subsequently the low resistance polycrystal silicon layer which doped the n type impurity is deposited on 500A **, and the 1st 
capacitor electrode 5 is formed. 

[0023] As shown in the plan of drawing 8 , etching removal of the lstcapacitor electrode ^ is carried out co vering width of face 
of 0.3 micrometers from the center of the mesa-like silicon island 3^As shown jn the cross^ection of drawiig^9Tt he capacitor 
insulator layer 6 of 80A ** is formed, subsequently, a low resistance polycrystal silicon layer is deposited, the~2nd capacitor 
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electrode 7 is formed, and mirror polishing of the front face is carried out. 

[0024] As shown in drawing 10, the 2nd capacitor electrode 7 in which the 1st silicon substrate 1 carried out mirror polishing, 
and the 2nd silicon substrate 10 of low resistance are piled up, and into nitrogen gas, grade heating is carried out for 60 minutes, 
and it sticks on the temperature of 900 degrees C mutually. 

[0025] As shown in drawing 1 1, the grinding of the 1st silicon substrate 1 is carried out from the opposite side of a lamination 
side, the 1 st insulator layer 4 of a trench bottom is exposed, and insulating separation of the access transistor formation field 3 is 
carried out at the shape of a mesa. 

[0026] As shown in the plan of drawing 12, and the cross section (B-B cross section of drawing 12) of drawing 13, patterning of 
the upper surface of the 1st capacitor electrode 5 is carried out, and it dissociates. Since the 1st capacitor electrode 5 is already 
separated in the center of the silicon island 3 as shown in drawing 8 , it means that 2 sets of 1 st capacitor electrodes 5 were 
formed in each silicon island 3. 

[0027] As shown in drawing 14, into dry oxygen atmosphere, grade heating is carried out for 30 minutes, and the gate oxide film 
(not shown) of 100A ** is formed at the temperature of 900 degrees C. subsequently A tungsten polycide is deposited on 3000A 
**, patterning of this is carried out, the gate electrode 13 with a length of 0.35 micrometers is formed in one silicon islands [ two ] 
3, the gate electrode 13 is used as a mask, the ion implantation of the n type impurity is carried out, and an access transistor is 
formed. After forming 2 silicon-oxide films (not shown) in 1000A **, a contact hole 14 is formed and the diffusion field 15 of an 
access transistor and the 1st capacitor electrode 5 are connected with wiring 16. If the bit line and an access transistor are 
connected through the bit-line contact 17, two 1 -transistor / 1 -capacitor type memory cells will be formed in one silicon island 3. 
[0028] **** -- the area of base of the silicon island 3 - 1 .3x0.5micrometer2 it is ~ the surface area of the capacitor electrode 
which adjoins the silicon island 3 - 1 .3x0.2micrometer2 it is - the lateral area of the silicon island 3 — 3. lx2.8micrometer2 it is 
— since — the surface area of the capacitor electrode per memory cell — 9.59micrometer2 It becomes. Since the thickness of the 
insulator layer 6 of a capacitor is 80A when specific inductive capacity of an oxide film is set to 4 and the dielectric constant of 
vacuum is made into 8.854x10-14 F/cm, it is the capacitor capacity CS. CS =4x8.854x10-14 x9.59xl0-8/(80xl0-8) 
= 1 -transistor / 1 -capacitor type memory cell which fulfills the conditions which serve as 42.5fF and become CS >40ff are 
formed. 

[0029] The example which uses the capacitor concerning the 4th example this invention for circumference circuits, such as 
SRAM, is explained. 

[0030] Some equal circuits of a circumference circuit are shown in drawing 15 (a). In drawing, QP1 and QP2 are P channel 

MOSFETs, QN1 and QN2 are N channel MOSFETs, and C is a capacitor which produces delay of a signal. 

[003 1 ] Drawing 15 (b) is the cross section of the circumference circuit apparatus manufactured according to the equal circuit 

shown in drawing 15 (a), and can reduce the area which a circumference circuit occupies compared with the conventional 

example in which the capacitor was formed on the same silicon-substrate front face as MOSFET by forming the capacitor 5 

applied to the base and the side of P channel MOSFETQP1 and N channel MOSFETQN1 at this invention, 6, and 7. 

[0032] 

[Effect of the Invention] Since sufficient capacitor area is securable even if an element formation field turns minutely by forming a 
capacitor in the base and the side of an element formation field in the manufacture method of the semiconductor device 
concerning this invention as explained above, a reliable diacid-ized silicon insulator layer is used for a capacitor insulator layer 
for the capacitor of the capacity to need, and it can form, without being accompanied by the complicated process. Moreover, since 
the element formation field is formed with the single-crystal-silicon substrate, the element formed on the usual silicon substrate 
and the element which has the same electrical property can be formed. If a transistor is formed in an element formation field, 
1 -transistor / 1 -capacitor type memory cell which has sufficient capacity can be formed. 



[Translation done.] 



